To explore the reasons for the high rate of intrapartum fetal death observed in a remote and indigent population in China.
INTRODUCTION
Fetal death can occur either antepartum or intrapartum. Although few studies of risk factors have made this distinction, maternal smoking and drug use, prenatal care (e.g., time and content of prenatal visit to care providers and genetic screening, etc.) has a larger impact on antepartum fetal death, 1 while intrapartum care (e.g., intrapartum fetal surveillance, cesarean delivery, etc.) has a larger impact on intrapartum fetal death. 2 China's adaptation to a ''capitalist'' economy since early 1980s has dramatically changed its health care system. Under the new system, many citizens in the country, especially those living in rural areas, have no insurance coverage for basic health care services. 3 Previous studies have found that the lack of insurance constitutes a major obstacle for women to access obstetric care in China, including cesarean delivery. 3, 4 In a preliminary analysis, we found that the fetal death rate was remarkably high, and that onethird fetal deaths occurred intrapartum among births registered by a hospital-based perinatal surveillance system in this region. Onethird of fetal deaths occurred intrapartum is exceptional, because normally less than one-sixth of fetal deaths occurred intrapartum. 1, 2 We hypothesized that lack of access to obstetric care among poor women living in this area may have resulted in a substantially increased intrapartum fetal death rate. In this study, we attempt to test this hypothesis by analyzing risk factors of intrapartum fetal death in this population.
MATERIALS AND METHODS
For the current study, we used Qingyuan Regional Perinatal Surveillance data. Qingyuan is one of the remotest and poorest regions in Guangdong, a southern province in mainland China. The region comprises one mid-size city and eight counties located in the remote and mountain rural areas, with a population of more than 3 millions. Historically, infant mortality in the region has been among the highest in China. Following the recommendations of experts in public and perinatal health, the local government provided financial support to establish a perinatal surveillance system in 1996. All 18 hospitals in the region with an obstetric unit participated in the project. The obstetric units in the 18 participating hospitals include the Obstetric Department of the Qingyuan People's Municipal Hospital, the regional tertial care center, the counties' maternity hospitals, and the Obstetric Departments of the counties' general hospitals. The principal investigator, Dr. Huizhong Lei, Head of the Department of Obstetrics and Gynecology, Qingyuan People's Municipal Hospital (the only tertiary center in the region), is responsible for the daily operation of this project. The surveillance system started operation on January 1, 1997. Data on patients' demographic factors, maternal and infant care, and fetal and infant outcomes were collected by the 18 participating hospitals' obstetricians during the mother's hospitalization for childbirth. Mothers and infants were followed for 1 week after birth for outcomes. Autopsy was performed if the cause of death was in doubt.
The surveillance system is hospital-based, that is, infants born outside of hospital are not registered. The average number of births in Qingyuan region is 45,000/ year. The majority (more than 70%) are born outside of hospital (home or midwifery), but there are substantial variations in out-of-hospital birth rates in the region. In cities almost all infants, and in towns the majority, are born in hospital, whereas in rural and remote areas, most are born outside of hospital. Current analysis includes data collected during first phase of the project (January 1, 1997 to June 30, 1998), with a total of 20,891 hospital-born registered births (both stillbirths and live births).
Regional health care authorities recommended that the first prenatal care visit should be initiated in the early second trimester (around 16 weeks of gestation), with follow-up visits at every 4 weeks before 32 weeks of gestation, every 2 weeks before 36 weeks of gestation, and every week after 36 weeks of gestation. Patients usually went to the same hospital that provided prenatal care for them for delivery. All obstetric units in the 18 participating hospitals were equipped to conduct cesarean delivery. The counties' hospitals did not have waiting rooms. Patients in these hospitals were usually admitted to general ward and transferred to delivery room at second stage of labor. It should be noted that the quality of prenatal care and intrapartum care varied substantially among patients delivered in different hospitals, and it is difficult to assign a comprehensive score to measure the quality of prenatal and intrapartum care for each hospital.
The outcome of interest examined in this study was intrapartum fetal death. Fetal deaths in this study are restricted to those Z500 g or Z20 weeks of gestation. Investigators in Qingyuan Regional Perinatal Surveillance considered it important to separate antepartum death and intrapartum death. Clearcut definitions were developed and disseminated, and a registration form was specifically designed for the surveillance system. Obstetricians assessed the status of the fetus at admission, and only pregnancy outcomes with a viable fetus at admission were eligible to be classified as intrapartum deaths. Portable Doppler and electronic fetal monitor were used in the assessment of viable status for difficult cases. Perinatal audit was conducted for intrapartum death cases, and avoidable cases were identified. Unfortunately, the perinatal audit information was not recorded in the database and therefore was not available for analysis in our study.
The main determinant (independent variable) examined was cesarean delivery, which was divided into two mutually exclusive categories: elective and emergency cesarean section. Other determinants under study included mother's insurance status, residence, maternal age, fetal gender, parity, gestational age, birth weight, and obstetric complications such as multifetal pregnancy, pre-eclampsia/eclampsia, placenta previa, placental abruption, and rupture of the uterus. The diagnosis of obstetric complications was made by obstetricians who cared for the patients, and the information was abstracted from medical charts for analysis. Gestational age was estimated from last normal menstrual period, supplemented by ultrasound determination for obvious erroneous cases.
We first describe the main maternal and infant characteristics of the study population. We then calculate and compare rates of intrapartum fetal death within categories of maternal and infant determinants. Finally, we estimate adjusted odds ratios for intrapartum death by multiple logistic regression analysis. Independent variables in the regression model include: method of delivery (cesarean section versus vaginal; vaginal as reference), method of payment (full or partial insurance and self-payment; self-payment as reference), residence (urban versus rural; rural as reference), maternal age (<30 versus Z30 years; <30 years as reference), fetal gender (male versus female; female as reference), parity (Z1 versus 0; 0 as reference), gestational age (<37, 37 to 41, >41 weeks; 37 to 41 weeks as reference), birth weight (<2500, 2500 to 4000, >4000 g; 2500 to 4000 g as reference), and obstetric complications, including pre-eclampsia/eclampsia and placenta previa (present versus absent; absent as reference). Owing to the limited sample size (98 intrapartum fetal deaths), we elected to use broader categories for independent variables in the regression analysis. Although such a strategy may produce some residual confounding, it is more conducive to a valid regression modelling result. All analyses were performed using SAS-PC statistical software.
RESULTS
About half of the study mothers came from rural areas, and more than three-fourths self-paid for their medical care services ( Table 1 ). The rate (15 per 1000) of fetal deaths was high in this population, in which about one-third were intrapartum deaths. Rates of preterm birth (7.2%), low birth weight (7.4%), and cesarean delivery rates (25%) were also high in this population (Table 1) , while the distributions of other maternal characteristics were quite similar to those of other Chinese pregnant women. 3, 5 Almost all of the studied risk factors were associated with intrapartum fetal death, with increased risk among infants born to mothers delivered vaginally, those with no insurance coverage or living in rural areas, those of young or old ages or high parity, or Wen et al.
Intrapartum Fetal Death those with multifetal pregnancy, pre-eclampsia/eclampsia, placenta previa, and those who delivered infants with preterm birth or low birth weight ( Table 2) . The results obtained from multiple logistic regression analyses were consistent with the crude results, although differences in the categorization of these determinants between the two sets of analyses made it difficult to reconsolidate the sets of results (Table 3) . Assessment of modelling results did not reveal colinearity or other modelling problems when broader categories for the independent variables were entered into the regression models (data available upon request). 
DISCUSSION
An increase in the intrapartum fetal death rate may be an important contributing factor to the higher perinatal mortality rate reported in developing countries. For example, Langhoff-Roos et al. 6 found that the doubled perinatal mortality in Lithuania compared with Denmark/Sweden is mainly explained by a three-fold increase of intrapartum death among nonmalformed infants. Previous studies of risk factors of intrapartum deaths have focused on fetal and obstetric complications, 7, 8 with less attention being paid on access to quality obstetric care.
In the current study, we found a high rate of fetal death in this Chinese population: 15 per 1000 total births. This figure is 2.5 times as high as the Canadian rate during these years. 9 A large proportion (30%) of these deaths occurred during delivery. Although we have no access to the results of perinatal audit allowing analysis of avoidable deaths, the proportion of unavoidable deaths (e.g., cases with lethal congenital anomaly or fetuses without growth restriction delivered before 28 weeks of gestational age) in our study was very small (Dr. Huizhong Lei, personal communication). The high intrapartum fetal death rate in this population is likely to be caused by a lack of access to highquality obstetric care. This conclusion is supported by the following observations. First, Chinese mothers usually have an extremely low exposure to risk factors for fetal and infant death, such as teenage pregnancy, smoking, drinking, and social drug use during pregnancy. 5, [10] [11] [12] Second, perinatal mortality rates are usually lower in ethnic Chinese populations, even among the indigent, than among ethnic white populations in societies with similar perinatal care systems. 5, [12] [13] [14] [15] Finally, cesarean section (as a surrogate measure of access to obstetric care) was strongly associated with intrapartum fetal death. Elective and emergency cesarean sections were associated with a 100 and 84% reduction in intrapartum fetal death, respectively. In the regression analysis adjusting for the effects of potentially confounding covariables, cesarean section resulted in an 88% reduction for intrapartum fetal death (Table 3) .
Although only a surrogate measure, we believe that the access to cesarean section is a single most comprehensive and reliable measure of the access to quality obstetric care in our study population. China's adaptation to a ''free-market'' economy since early 1980s has dramatically changed its health care system. A ''polarization'' in health care services has accompanied this new economic system. On the one hand, government employees who are fully covered by government insurance or individuals who are rich and can afford the expensive services tend to ''overuse'' the system, while many citizens living in rural areas have no insurance coverage and cannot afford essential health care services such as cesarean section for high-risk pregnancies. In a parallel study of the determinants of cesarean delivery in the same population, we found that the rate of elective cesarean section was 17.5% among mothers fully covered by insurance, while the corresponding rate was only 6.5% among mothers with self-payment. 4 It should be noted that our study analyzed data from a hospitalbased surveillance system, while the majority of infants in this region are born out of hospital. Mothers who give birth at home or are delivered by midwives often live in the most remote areas, with no health insurance coverage or access to cesarean section (Dr. Huizhong Lei, personal communication). The association between cesarean section and intrapartum fetal death would therefore probably be much stronger if we had been able to study all births in the region.
Our separate analysis of risk factors for intrapartum fetal death (rather than combining fetal deaths occurring antepartum and intrapartum) allows the direct quantification of the effect of intrapartum care, and therefore directs intervention programs with maximum potential for improvement. On the other hand, the separation could result in misclassification due to errors in assessing fetal viability at admission. However, if we assume that the misclassification occurred in a random fashion, it should tend to attenuate the observed associations. 16 There may have been confounding factors that could not be adjusted for in the regression analysis because they were not measured or recorded. Moreover, even for those potential determinants that have been adjusted for in the regression analysis, the adjustment may have been insufficient. For example, because of limited sample size, we used broad categories for several of the independent variables under analysis. Although such a strategy improves the validity of the regression modelling, it may leave a degree of residual confounding and therefore compromise the results and their interpretation. Some factors may have differential effects on fetal death and neonatal death. For example, cesarean delivery may merely delay the death from intrapartum to postpartum, with a decreased fetal death rate but an increased neonatal death rate, especially in extremely premature infants. Moreover, residents in rural areas may not seek health care given onset of preterm labor if they believe that seeking care is futile. However, because the adjustment for gestational age, birth weight, and resident did not change the overall results, our study remains valid. Despite these limitations, the strong and consistent associations between cesarean delivery and intraparum death suggest that lack of access to quality obstetric care is the major determinant of intrapartum fetal death in the population under study. If all pregnant women in this region with need for cesarean section could have timely access, the majority of these intrapartum fetal deaths could probably be prevented.
